Background/Purpose: The purpose of this study was to evaluate the results of reconstruction of postosteomyelitic defects in short tubular bones in a paediatric population using a universal mini external fixator (UMEX). Methods: This was a prospective case series based on 10 consecutive cases who were followed-up for an average period of 3.5 years. Ten patients (mean age: 10.2 years) with an average shortening of 4 cm of the corresponding digit were operated upon using soft tissue distraction by UMEX followed by interposition bone grafting from the iliac crest. The second metacarpal was involved in five patients, the first metacarpal in three patients, and the proximal phalanx of the right big toe was involved in two patients. Results: All of the patients achieved union at the graft host site at an average of 12 weeks and an average of 3.8 cm lengthening of the digit was achieved. All patients had improved digit length, and function and appearance of the hand and toe. Apart from a minor pin tract infection and stiffness, there were no major complications. Final average follow-up at 3.5 years did not show any recurrence of infection or loss of correction. Conclusion: We believe that UMEX is a versatile method of managing postosteomyelitic defects in short tubular bones, with fewer complications and a high union rate, even in situations in which bone fragments are small and difficult to handle with other methods.
Introduction
Osteomyelitis of the metacarpals, metatarsals and phalanges is uncommon after the age of 5 years. During childhood, these short tubular bones have an extensive blood supply through a large nutrient artery entering almost in the middle of the bone. The first infective inoculum lodges at the centre of the marrow cavity, and the diaphysis is often involved predominantly in this age group. 1 Pyogenic osteomyelitis sometimes results in sequestration of the diaphysis with healing resulting only after extrusion of this sequestrum. The resultant defect often leads to shortening of the affected digit, interfering with the normal prehensile function. Metacarpal reconstruction is vital to maintain the function of digits and hand as a whole. Stability takes precedence as mobility is marginal even in the normal hand. 2 We report a series of 10 cases in which we were able to overcome the soft tissue shortening with the help of a universal mini external fixator (UMEX). This was followed by interposition bone grafting. All the patients united uneventfully, regaining the lost length of the digit with improvement in the range of motion at the final follow-up.
Patients and methods
Ten patients (8 female; 2 male) with a mean age of 10.2 years were operated upon for metacarpal and phalangeal defects resulting from chronic osteomyelitis and diaphyseal sequestration from 2005 to 2011. The second metacarpal was involved in five patients, with the involvement of dominant hand in four patients and the nondominant hand in one patient (Table 1 ). In the dominant hand, the first metacarpal was involved in three patients and the proximal phalanx of the big toe of the right foot was involved in two patients, resulting in shortening and cosmetic disfigurement of the corresponding digit. All patients with involvement of the first and second metacarpals presented with shortening of the corresponding finger, impairing the functions of pinch and grasp of the affected hand (Figure 1 ). Two patients with shortening of the great toe had difficulty in push off movements during walking (Figure 2 ). The diaphyseal sequestration and extrusion in these patients had left only the metaphyseal portion intact, and were not amenable to bone transport (Figures 3 and 4) . The mean shortening of the affected digit was 4 cm. Surgery was performed in two stages. The first stage involved distraction of the soft tissue to achieve lengthening of the affected metacarpal joint and to create a gap for future bone grafting. At this stage, the UMEX was applied to the remnants of the metacarpals under local anaesthesia without opening the defect site. The UMEX comprised small dimension clamping elements connected by a threaded rod. Rotation of the rod in a clockwise or counterclockwise manner created distraction or compression, respectively, across the fixation clamps. Distraction was started on the 1 st postoperative day at the rate of 1 mm/d. We preferred gradual distraction to avoid pain and problems of any vascular compromise associated with acute distraction. Once the distraction was completed ( Figure 5 ), that is, when the original length of the metacarpal and phalanx was achieved, the second stage of surgery was performed. This stage was performed under general anaesthesia. The defect site was approached dorsally and cleared of any scar tissue and cultures were performed to assess any recurrence of infection. Any tethered tendons at this stage were released from the surrounding scar tissue, however, no tendon lengthening was deemed necessary due to initial gradual distraction. The remnants of the affected metacarpal and phalanx were gently freshened to receive the bone graft. A corticocancellous strut graft from the iliac crest of appropriate size was harvested and locked in the gap created in the metacarpal and phalanx using the UMEX in the compression mode. During healing, compression was maintained to enhance the union between graft and host site ( Figure 6 ). 
Results
The patients were followed-up regularly at 1 week intervals initially and later at 3-weekly intervals. All the patients achieved union at host graft sites at an average of 12 weeks (Figures 7 and 8 ). An average lengthening of 3.8 cm was achieved. However, in one patient, there was a loss of length of 8 mm due to compression at the union site. All the patients had improvement in the length, function and appearance of the affected digit ( Figures 9A and 9B) . Mild stiffness at the metacarpophalangeal (MCP) joint in two patients was managed with physiotherapy. There was mild pin tract infection in three patients that recovered after treatment with oral antibiotics. At an average 3.5 years of final follow-up, none of our patients showed recurrence of infection or loss of function of the affected digit.
Discussion
Bone defects can result from a destructive injury as the sequel of tumour resection, osteomyelitis, pseudoarthrosis, or avascular necrosis. Osteomyelitis of the wrist and hand is uncommon. 3 In children, short tubular bones end up with diaphyseal sequestration. In the case of osteomyelitis or septic arthritis, radical debridement of all infected tissue and bone is indicated. Antibiotic coverage is recommended both locally and systemically, and in case any doubt persists about elimination of the infection, reconstruction is postponed. 2 In such situations, vascularised bone transfers are the method of choice because they provide a good blood supply with antibiotic delivery. However, according to Hierner et al, 4 loss of muscle function with a possible functional and aesthetic defect in the donor site, has to be accepted. Even though Barth 5 believes that conventional bone grafts lack initial perfusion and undergo resorption, Bishop 6 recommends nonvascularised grafts in the face of otherwise ideal conditions only for defects up to 6 cm. External fixators have been used for management of bone loss in the metacarpals. This is to maintain length and alignment that are quintessential for later intervention and ultimate hand function. 7, 8 Our patients required soft tissue distraction in view of their late presentation. Application of the UMEX distractor under local anaesthesia helped us avoid general anaesthesia in the first setting.
According to Seitz and Fromson, 9 staged lengthening by relatively rapid stretching of the soft tissues and interposition bone grafting often causes excessive pain. With the help of the UMEX distractor, we were able to control soft tissue stretching until the metacarpal and phalangeal length was regained. In the second stage, an iliac crest bone graft was placed with the same fixator acting as a neutralising implant, with the possibility of applying compression if required. The problems of loss of length due to any graft resorption or compression at the union site could be eliminated by initial over lengthening to leave room for any collapse and compression. Thus, coupled with our previous experience with the UMEX distractor, makes it a versatile instrument for conducting pertinent procedures in tubular bones.
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In conclusion, we believe that UMEX is a versatile method of managing postosteomyelitic defects in short tubular bones, with fewer complications and a high union rate, even in situations in which bone fragments are small and difficult to handle with other methods.
